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(57) ABSTRACT

A header detection technique for WLAN (Wireless Local
Area Network) recervers 1s provided. The WLAN recerver
comprises a signal processing unit that has analog circuitry
and digital circuitry. There 1s further provided a header
detection circuit for detecting a header 1n a received signal.
The header detection circuit 1s comprised in the analog
circuitry. In an embodiment, digital circuitry may be woken
up based on a header detect signal that 1s generated by the
header detection circuit. The embodiments may reduce the
power consumption of the receiver, and the false detection
rate.
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WLAN HEADER DETECTION IN ANALOG
RADIO FRONT END

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present application relates to WLAN (Wireless Local
Area Network) receivers and corresponding methods and
integrated circuit chips, and in particular to the header
detection 1n such receivers.

2. Description of the Related Art

A wireless local area network 1s a tlexible data commu-
nications system implemented as an extension to or as an
alternative for, a wired LAN. Using radio frequency or
infrared technology, WLAN systems transmit and receive
data over the air, minimizing the need for wired connections.
Thus, WLAN systems combine data connectivity with user
mobility.

Today, most WLAN systems use spread spectrum tech-
nology, a wide-band radio frequency technique developed
for use 1n reliable and secure communication systems. The
spread spectrum technology 1s designed to trade-ofl band-
width efliciency for reliability, integrity and security. Two
types of spread spectrum radio systems are frequently used:
frequency hopping and direct sequence systems.

The standard defining and governing wireless local area
networks that operate 1n the 2.4 GHz spectrum, 1s the IEEE
802.11 standard. To allow higher data rate transmissions, the
standard was extended to 802.11b that allows data rates of
5.5 and 11 Mbps 1n the 2.4 GHz spectrum. Further exten-

sions exist.
Examples of these extensions are the IEEE 802.11a,

802.11b and 802.11g standards. The 802.11a spec1ﬁcat10n
applies to wireless AITM (Asynchronous Transfer Mode)
systems and 1s used in access hubs. 802.11a operates at radio
frequencies between 5 GHz and 6 GHz. It uses a modulation
scheme known as Orthogonal Frequency Division Multi-
plexing (OFDM) that makes possible data speeds as high as
54 Mbps, but most commonly, communications take place at
6 Mbps, 12 Mbps, or 24 Mbps. The 802.11b standard uses
a modulation method known as Complementary Code Key-
ing (CCK) which allows high data rates and 1s less suscep-
tible to multi-path propagation interference. The 802.11g
standard can use data rates of up to 54 Mbps 1n the 2.4 GHz
frequency band using OFDM. Since both 802.11g and
802.11b operate 1n the 2.4 GHz frequency band, they are
completely inter-operable. The 802.11g standard defines
CCK-OFDM as optional transmit mode that combines the
access modes of 802.11a and 802.11b, and which can
support transmission rates of up to 22 Mbps.

In any transmit mode, a WLAN receiver needs to detect
the headers 1n the received signals. For this purpose, con-
ventional WLAN receivers convert the incoming analog
signals to digital signals and perform some digital signal
processing on the converted signals to detect the headers.
This 1s an approach which has been shown to usually work
properly, but under certain circumstances, the conventional
header detection schemes are of insuflicient precision and
accuracy and work sometimes inefliciently. Moreover, the
power consumption mvolved with detecting headers in
conventional receivers 1s rather high.

SUMMARY OF THE INVENTION

An improved header detection technique for WLAN
receivers 1s provided that may overcome the disadvantages
of the conventional approaches.
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In one embodiment, a WLAN receiver for receiving
incoming radio signals 1s provided. The WLAN receiver
comprises a signal processing unit for processing received
signals. The signal processing unit comprises analog cir-
cuitry for performing analog signal processing, and digital
circuitry for performing digital signal processing. The signal
processing umt further comprises a header detection circuit
for detecting a header 1n a received signal. The analog
circuitry comprises the header detection circuit.

According to another embodiment, an integrated circuit
chip 1s provided for processing signals recetved by a WLAN
receiver. The integrated circuit chip comprises analog cir-
cuitry for performing analog signal processing, and digital
circuitry for performing digital signal processing. The inte-
grated circuit chip further comprises a header detection
circuit for detecting a header 1n a received signal. The analog
circuitry comprises the header detection circuit.

In a further embodiment, there 1s provided a method of
operating a WLAN receiver for processing mcoming radio
signals. The method comprises performing analog signal
processing, and performing digital signal processing. The
method further comprises detecting a header 1n a recerved
signal. Performing the analog signal processing comprises
the header detection.

BRIEF DESCRIPTION OF THE

DRAWINGS

The accompanying drawings are incorporated into and
form a part of the specification for the purpose of explaining
the principles of the invention. The drawings are not to be
construed as limiting the invention to only the illustrated and
described examples of how the invention can be made and
used. Further features and advantages will become apparent
from the following and more particular description of the
invention, as 1llustrated in the accompanying drawings,
wherein:

FIG. 1 1s a block diagram illustrating a header detection
unit according to an embodiment;

FIG. 2 1s a block diagram 1llustrating a signal latching unit
to latch output signals of the header detection unit of FIG.
1, according to an embodiment;

FIG. 3 1s a schematic circuit diagram illustrating an
implementation of the low pass filter LPF1 used in the
header detection unit of FIG. 1, according to an embodi-
ment,

FIG. 4 1s a schematic circuit diagram 1illustrating an
implementation of the low pass filter LPF2 used i the
header detection unit of FIG. 1, according to an embodi-
ment,

FIG. 5a 1llustrates the impulse response of low pass filter
LPF1;

FI1G. 556 illustrates the frequency characteristic of low pass
filter LPF1;

FIG. 6a 1llustrates the impulse response of low pass filter
LPEF2;

FIG. 654 illustrates the frequency characteristic of low pass
filter LPF2:

FIG. 7 illustrates the autocorrelation and power signal
alter low pass filter LPF1;

FIG. 8 illustrates the autocorrelation and power signal
alter low pass filter LPF2;

FIG. 9 1s a block diagram illustrating a header detection
unmt for CCK header detection of bandpass signals according
to an embodiment;

FIG. 10 1s a block diagram 1llustrating a header detection
unit for OFDM header detection of bandpass signals accord-
ing to an embodiment;
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FIG. 11 1s a block diagram 1llustrating the implementation
of the header detection technique of the embodiments by
analog circuitry; and

FIG. 12 1s a flow chart illustrating a signal processing
process including header detection according to an embodi-
ment.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

The illustrative embodiments of the present invention will
be described with reference to the figure drawings wherein
like elements and structures are indicated by like reference
numbers.

Referring now to the figures and particularly to FIG. 1, a
header detection unit according to an embodiment 1s pro-
vided. The header detection circuit 1s implemented by ana-
log circuitry and 1s based on autocorrelation of the received
signal. The header detection unit of FIG. 1 1s adapted to
detect OFDM headers that consist of ten short symbols each
0.8 us long. The header detection unit exploits this repetitive
signal structure to detect the header and distinguish it from

other signals.

A delay line 100 1s provided to sample the I/QQ baseband
signals with a 20 MHz sampling rate and store the sampled
signal values for 0.8 us. After that time, the sampled signal
values are switched to the delay line output.

A complex mixer 105 1s provided that may consist of four
mixer blocks. The output signals of the complex mixer 105
represent the complex valued autocorrelation signal that
may be calculated as follows:

QU —Q)=H+QQ(QI-1Q)

where I' and Q' are the delayed signals. It 1s to be noted that
the delayed I'+1QQ' 1s treated as conjugate signal.

The calculation of the autocorrelation signal 1s then
followed by an integration which makes use of low pass

filters 115 and 120.

The filtered signals are provided to a rectifier 130 that
calculates the magnitude Al of the complex valued 1nput
signal. This may be described to be approximately done by
summing the absolute values of the real and 1imaginary parts:

A1=IRell+Iml)

A second low pass filter (LPF2) 135 provides an addi-
tional autocorrelation signal A2. The low pass filter 135 has
a longer integration time than the low pass filters 115, 120.

As a reference for the comparators 160, 165, 170, power
signals P1 and P2 are generated. The reference path uses the
same low pass filters (LPF1 and LPF2) 125, 140 as the
autocorrelation signal path. It 1s to be noted that the auto-
correlation signal and the power signals of the present
embodiment are proportional to the squared baseband signal
magnitude. This allows for making the comparator decision

independent from the signal amplitude.

As can be seen from FIG. 1, a header detect signal HD 1s
generated when the output signals of the two comparators

165, 170 are high.

The comparator 165 compares the autocorrelation signal
A1l with the power signal P1 that 1s weighted by a constant
scaling factor a by scaling unit 145. Both signals may have
the same amplitude (when neglecting noise), so the factor a
may be chosen to be less than 1. The header detection 1s
therefore based on the criterion that

Al=ZaPl.
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The LPF1 cut-off frequency may be set to a value where
the delay of the comparator output referred to the header
start 1s about 1.6 us. This delay may vary with the Signal-
to-Noise Ratio (SNR). As this time constant may provide
isuilicient noise peak smoothing so that the comparator
output hits about once 1n a millisecond, a further criterion
may be used to suppress this kind of noise-caused false
detection.

According to this further criterion, the comparator output
1s validated by further comparing the autocorrelation signal
Al to the power signal P2 that 1s averaged by low pass filter
140 using a longer time constant. The low pass filter 140
may also provide an additional delay of the power signal.
Therefore, the autocorrelation signal Al 1s compared to the
noise power that was present before the header signal
appeared. To exceed the threshold, the baseband signal
energy 1s chosen to be slightly higher than the noise power.
In the present embodiment, the SNR 1s chosen to be about
2.5 dB to meet this criterion.

A further validation of the HD signal may be achieved by
comparing the longer averaged signals A2 and P2. The same
welghting factors a may be used here to scale the power
signal P2 by scaling unit 150. Due to the longer time
constant of LPF2, the delay may be 1n the range of 4 us to
6 us. Therefore, the comparator 160 provides a second
header detect signal HD2 that may be too late to start the
AGC (Automatic Gain Control). Nevertheless, the signal
HD2 may be used to reset the AGC 1n case 1t 1s not high a
certain time after the HD signal hat.

In the present embodiment, the scaling factors o and 3
used 1n scaling units 145, 150, 155 are chosen to be a=0.5
and p=1.0.

The header detection signals HD and HD2 that are
generated by the header detection unit of FIG. 1 or any other
embodiment, may be latched by the circuit shown in FIG. 2.

The signal latching unit of FIG. 2 comprises two RS
tlip-flop devices 200, 205 each recerving one of the header
detect signals at an S terminal. The latched HD signal 1s then
delayed by unmit 210 by T,,,,. From the rising edge of the
delayed signal, an auto-reset pulse 1s generated 11 the latched
HD2 signal 1s low. The value of T,,, may be a delay time
of 8 us to verity the HD2 signal.

FIGS. 3 and 4 illustrate schematic circuit diagrams of the
low pass filters LPF1 (FIG. 3) and LPF2 (FIG. 4). As may
be seen from the figures, the low pass filters are second order
filters comprising two real poles. This was found to be a
good compromise between low group delay and low cut-oif
frequency. In the filters of FIGS. 3 and 4, the cut-off
frequency ratio 1s chosen to be 4.667. It 1s further to be noted
that the low pass filters of FIGS. 3 and 4 are implemented
without any amplifiers.

FIGS. 5a and 6a illustrate the impulse response of low
pass filters LPF1 and LPF2 shown i FIGS. 3 and 4,
respectively. FIGS. 556 and 654 illustrate the corresponding
frequency characteristics.

The low pass filters LPF1 and LPF2 may be reset. LPF1
reset may be achieved by zeroing the capacity voltage. LPEF2
reset 1n the same way would lead to a long sampling time of
about 10 us until the output voltage represents the average
noise input voltage. To reduce this settling time, the resistors
may be shorted for a time duration of about 2 us after AGC
reset. During this time, the capacitors are pre-charged at the
output voltage of LPF1 which 1s a good starting point for the
long averaging.

A header detection unit reset may be performed at AGC
reset, for example when switching on the AGC or when
resetting the recerver after a successtul read process, and at
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a mode switch from the PLL (Phase Locked Loop) mode to
the transceiver mode (which 1s usually a receiver mode).

To 1llustrate the performance of header detection, FIGS. 7
and 8 1illustrate the results of a simulation. As will be
described 1n the following, this simulation shows that the use
of more than one comparator 160, 165, 170 1n the arrange-
ment shown 1n FIG. 1 may improve the header detection by
reducing false detections.

In the simulation, the mput signal 1s chosen to be noise of
10 ms duration. The header signal starts at 9990 us to see a
single header detection cycle.

FIG. 7 shows the noise after the LPF1 blocks 115, 120. It
can be seen that both noise signals overlap so that the
comparison Al>c.-P1 indicates false header detection, which
1s shown 1n the lower graph. This occurs approximately once
per millisecond. In this case, the low pass filter cut-oil
frequency was chosen to be 140 kHz.

Further simulations with reduced cut-off frequencies
showed that there were no false detection within 10 ms for
cut-oil frequencies below 100 kHz (assuming the same filter
schematic).

FIG. 8 shows the signals A2, P2 at the output of both low
pass filters LPF2. It can be seen that the distance 1s large
enough to make a safe decision. In this case, the low pass
filter cut-ofil frequency was set to 31 kHz.

Referring now to FIGS. 9 and 10, bandpass signal ver-
sions for CCK and OFDM header detection are depicted
according to an embodiment. As can be seen from FIG. 9,
two autocorrelation stages 900, 905 and 915, 920 are pro-
vided that each comprise a delay line 900, 915 and a mixer
905, 920. A non-linear signal transformer 910 may be
provided between the stages to provide some signal satura-
tion or limiting.

Turning now to FIG. 11, a high-level block diagram 1s
illustrated showing that the WLAN recerver (or transceiver)
of the embodiments comprises analog circuitry 1100 and
digital circuitry 1110. The header detection units of the
above-discussed embodiments are located 1n the analog part
of an integrated circuit (IC), or on an analog (or radio) IC 1n
case of a two-chip arrangement. The header detect signals
HD and HD2 are provided to the digital circuitry 1110. The
digital circuitry may inter alia comprise an Analog-to-
Digital Converter (ADC) 1120 and a Digital Signal Proces-
sor (DSP) 1130.

As the header detection 1s performed 1n the analog cir-
cuitry part 1100, the header detection circuits of the embodi-
ments may be used to wake up certain parts of the digital
circuitry 1110 11 a header 1s detected. In particular, the ADC
1120 and DSP 1130 may be woken up. This Signiﬁcantly
reduces the power consumptlon of the WL AN receiver since
these power consuming units need not be operated when
there are no signals to process.

Thus, a header detection techmique for WLAN signal
packets 1s provided that allows for integration in the analog
radio front-end. The header detection signal can be used to
wake up more power consuming parts as the ADC 1120 and
the DSP 1130. Furthermore, the header detection scheme of
the embodiments may significantly reduce the false detec-
tion rate.

The circuits according to the embodiments may be real-
1zed by CMOS (Complementary Metal Oxide Semiconduc-
tor) technique.

While the invention has been described with respect to the
physical embodiments constructed in accordance therewith,
it will be apparent to those skilled 1n the art that various
modifications, variations and improvements of the present
invention may be made in the light of the above teachings

10

15

20

25

30

35

40

45

50

55

60

65

6

and within the purview of the appended claims without
departing from the spirit and intended scope of the inven-
tion. In addition, those areas 1n which 1t 1s believed that those
of ordimnary skill in the art are familiar, have not been
described herein in order to not unnecessarily obscure the
invention described herein. Accordingly, 1t 1s to be under-
stood that the invention 1s not to be limited by the specific
illustrative embodiments, but only by the scope of the
appended claims.

What 1s claimed 1s:

1. A WLAN (Wireless Local Area Network) receiver for
receiving incoming radio signals, saiad WLAN receiver com-
prising a signal processing unit for processing received
signals, said signal processing unit comprising:

analog circuitry for performing analog signal processing;

and

digital circuitry for performing digital signal processing,

wherein said signal processing unit further comprises:

a header detection circuit for detecting a header 1n a

received signal,

wherein said analog circuitry comprises said header

detection circuit.

2. The WLAN receiver of claim 1, wherein said analog
circuitry 1s connected to said digital circuitry to provide a
header detect signal to said digital circuitry in case a header
1s detected.

3. The WLAN receiver of claim 2, wherein said digital
circuitry 1s arranged to operate, at least in part, 1n two
operational modes, one of said at least two operational
modes being less power consuming than the other one of
said operational modes, said digital circuitry being capable
of switching between said operational modes 1n response to
said header detect signal.

4. The WLAN receiver of claim 3, wherein said digital
circuitry 1s a arranged to enter said other one of said at least
two operational modes 1n response to said header detect
signal.

5. The WLAN recetver of claim 3, wherein said digital
circuitry operable in two operational modes comprises at
least one analog-to-digital converter for converting received
analog radio signals to digital signals.

6. The WLAN receiver of claim 3, wherein said digital
circuitry operable 1n two operational modes comprises a
digital signal processor.

7. The WLAN receiver of claim 1 being IE.
compliant.

8. The WLAN receiver of claim 1, wherein said header
detection circuit 1s adapted to detect OFDM (Orthogonal
Frequency Division Multiplexing) headers.

9. The WLAN receiver of claim 1, wherein said header
detection circuit 1s adapted to detect CCK (Complementary
Code Keying) headers.

10. The WLAN receiver of claim 1, wherein said signal
processing unit 1s CMOS (Complementary Metal Oxide
Semiconductor) implemented.

11. The WL AN receiver of claim 1, wherein said header
detection circuit comprises a delay line for delaying the
incoming radio signals.

12. The WL AN receiver of claim 11, wherein said header
detection circuit further comprises a mixer unit for mixing
the incoming radio signals with the delayed incoming radio
signals to generate an autocorrelated mixer output signal.

13. The WL AN receiver of claim 12, wherein said mixer
output signal 1s a complex mixer output signal.

14. The WLAN receiver of claim 12, wherein said header
detection circuit further comprises a first integrator to inte-
grate said mixer output signal.

L1
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15. The WLAN receiver of claim 14, wherein said first
integrator 1s a passive second order low pass filter.

16. The WLAN receiver of claim 14, wherein said header
detection circuit further comprises a rectifier unit for gen-
crating a signal representative of the absolute value of said
integrated mixer output signal.

17. The WL AN receiver of claim 16, wherein said header
detection circuit further comprises a relerence path for
generating a reference power signal based on the mmcoming
radio signal.

18. The WLAN receiver of claim 17, wherein said refer-
ence path comprises a second integrator having integration
characteristics corresponding to the integration characteris-
tics of said first integrator.

19. The WL AN receiver of claim 17, wherein said header
detection circuit further comprises a first comparator for
comparing said signal representative of the absolute value of
said 1ntegrated mixer output signal with a weighted refer-
ence power signal.

20. The WLAN receirver of claim 19, wherein the refer-
ence power signal 1s weighted by a scaling factor of approxi-

mately one-half.

21. The WLAN receiver of claim 19, wherein said first
comparator 1s arranged for outputting a first control signal 1f
said signal representative of the absolute value of said
integrated mixer output signal 1s equal to or larger than said
weilghted reference power signal.

22. The WL AN receiver of claim 21, wherein said header
detection circuit 1s arranged to provide a header detect signal
to said digital circuitry based on said first control signal.

23. The WL AN recetrver of claim 22, wherein said header
detection circuit further comprises a third integrator for
integrating said signal representative of the absolute value of

said integrated mixer output signal.
24. The WLAN receiver of claim 23, wherein said third

integrator has a longer integration time than said {irst
integrator.

25. The WLAN recerver of claim 24, wherein said refer-
ence path comprises a fourth integrator having integration
characteristics corresponding to the integration characteris-
tics of said third integrator.

26. The WL AN receiver of claim 25, wherein said header
detection circuit further comprises a second comparator (for
comparing said signal representative of the absolute value of
said 1ntegrated mixer output signal with an output of said
fourth integrator.

27. The WLAN recetrver of claim 26, wherein said header
detection circuit 1s arranged for providing said header detect
signal also based on an output of said second comparator.

28. The WL AN receiver of claim 25, wherein said header
detection circuit further comprises a third comparator for
comparing an output of said third integrator with a weighted
output of said fourth integrator to provide a second header
detect signal.
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29. The WL AN receiver of claim 28, wherein the output
of said fourth integrator 1s weighted by the same scaling
factor as used for weighting said reference power signal.

30. The WLAN receiver of claim 28, wherein said digital
circuitry comprises a signal latching unit for latching said
header detect signal and said second header detect signal,
said signal latching unit having auto-reset capabilities.

31. The WLAN receirver of claim 30, wherein said header
detection circuit 1s arranged to be reset 1 case of an AGC
(Automatic Gain Control) reset.

32. The WL AN rece1ver of claim 30, wherein said header
detection circuit 1s arranged to be reset when switching the
WLAN receiver from a PLL (Phase Locked Loop) mode to
a recerver mode.

33. The WL AN receiver of claim 1, wherein said header
detection circuit 1s arranged to generate a header detect
signal based on a {first criterion and a second criterion, the
first criterion defining that an autocorrelation value has to
exceed a predefined fraction of the reception power, and the
second criterion defining that the autocorrelation value has
to exceed a predefined fraction of the integrated and delayed
reception power.

34. The WLAN receiver of claim 1, wherein said incom-
ing radio signal 1s a complex signal.

35. The WLAN receiver of claim 1, wherein said incom-
ing radio signal 1s a bandpass signal.

36. The WL AN recerver of claim 35, wherein said header
detection circuit comprises multiple autocorrelation stages
cach comprising a delay line and a mixer.

37. The WLAN receiver of claim 36, wherein said header
detection circuit comprises a non-linear signal transformer
between said autocorrelation stages.

38. An integrated circuit chip for processing signals
received by a WLAN (Wireless Local Area Network)
receiver, said integrated circuit chip comprising:

analog circuitry for performing analog signal processing;

and

digital circuitry for performing digital signal processing,

wherein said integrated circuit chip further comprises:

a header detection circuit for detecting a header 1n a

received signal,

wherein said analog circuitry comprises said header

detection circuit.

39. A method of operating a WLAN (Wireless Local Area
Network) receiver for processing mmcoming radio signals
comprising;

performing analog signal processing; and

performing digital signal processing,

wherein said method further comprises:

detecting a header in a received signal,

wherein performing said analog signal processing com-

prises said header detection.
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